Four experiments reexamined the hypothesis that immediate serial recall is limited by the spoken duration of list items during output. In all the experiments, spoken serial recall was measured for visually presented words of short and long duration. The duration of first-and second-half list items was varied independently. Experiment 1 used the disyllabic words from Lovatt, Avons, and Masterson (2000) . No main effect of the duration of words recalled first was obtained on accuracy of recall. Experiment 2 used the disyllabic words from Cowan et al. (1992) . For this set of words, placing long items at the beginning of the list brought about a decrease in recall as predicted by theories of output decay. Experiment 3 confirmed that an effect of duration of words recalled first was confined to the Cowan et al. words, but this effect vanished when the first-half errors were statistically controlled or excluded. Experiment 4 extended these findings to the disyllabic words originally selected by Caplan, Rochon, and Waters (1992) and a new set of three-syllable words. For all these word sets, speech time during output differed for the long and short words. However, for two sets there was no effect of first-half word duration, and for the other two sets first-half word duration was confounded with first-half error rate. Taken together, the results provide no evidence that the spoken duration of early list items directly affects later recall, as predicted by the speech time hypothesis. © 2001 Elsevier Science The phonological loop model of working memory (Baddeley, 1986) proposes that immediate serial recall is limited by the decay rate of information held in a phonological store. Information can be maintained indefinitely in the store by a rehearsal mechanism, but only if the time needed to rehearse the items does not exceed the decay time of the phonological representations. Consequently, memory span for words of short duration should be greater than span for long words because short words will be rehearsed more quickly, enabling more items to be rehearsed within the decay time of the store.
The phonological loop model of working memory (Baddeley, 1986) proposes that immediate serial recall is limited by the decay rate of information held in a phonological store. Information can be maintained indefinitely in the store by a rehearsal mechanism, but only if the time needed to rehearse the items does not exceed the decay time of the phonological representations. Consequently, memory span for words of short duration should be greater than span for long words because short words will be rehearsed more quickly, enabling more items to be rehearsed within the decay time of the store. A number of studies have provided support for this prediction by varying the duration of list items, most commonly by varying syllabic length (e.g., Baddeley, Thomson, & Buchanan, 1975; Hitch, Halliday, & Littler, 1989; Hulme, Thomson, Muir, & Lawrence, 1984; Schweickert & Boruff, 1986) . Manipulating syllabic length causes large variations in spoken duration but also increases the complexity of the items.
More compelling evidence for the role of item duration in memory span was provided by the difference in serial recall between two sets of disyllabic words which varied in their spoken duration but were matched for number of phonemes and word frequency. The first word set used to demonstrate an effect of spoken duration was devised by Baddeley et al. (1975) . The word duration effect has been confirmed in several studies, all of which have used the same word set or variants of it (e.g., Cowan et al., 1992; Longoni, Richardson, & Aiello, 1993; Lovatt, Avons, & Masterson, 2000) . it takes to recall the items (e.g., Cowan, 1992; Cowan et al., 1992; Gathercole & Hitch, 1993; Henry, 1991; Schweickert & Boruff, 1986) . This output decay hypothesis makes very similar predictions to the standard model of the phonological loop (Baddeley, 1986) . In particular it predicts an effect of word duration in spoken serial recall, because item traces in the phonological store will decay in the time it takes to speak the items.
There is a growing body of related experimental evidence which suggests that output processes constrain immediate serial recall, operating either independently of or in addition to rehearsal (e.g., Avons, Wright, & Pammer, 1994; Baddeley & Hull, 1979; Baddeley, Lewis, & Vallar, 1984; Cowan, 1992; Cowan et al., 1992; Dosher & Ma, 1998; Henry, 1991; Henry & Millar, 1993) . For example, Henry (1991) and Avons et al. (1994) reported that the word length effect was smaller in probed recall than in serial recall. This can be interpreted in terms of output decay, since in serial recall it takes longer to output preceding items if they are of long duration. However, other interpretations, such as output interference or the displacement of items from a limited-capacity output buffer, are also consistent with this evidence.
The strongest empirical claim for decay during output has been advanced recently by Cowan and his colleagues (e.g., Cowan et al., 1992; Cowan, Wood, & Borne, 1994; Cowan, Wood, Nugent, & Treisman, 1997) . They developed a paradigm in which the distribution of long and short items within a list was manipulated. Placing long-duration items at the start of lists delays recall of later items, in a "natural" way, without disturbing the process of serial recall. The critical assumption is that the only effect of manipulating the duration of early list items is to control the time in which decay of subsequent items can occur. It follows that the duration of a word at any output position will affect recall at all later positions. Thus the duration of items output first will influence recall more than the duration of items output last. Cowan et al. (1992) manipulated output delay by using long and short disyllabic words selected from the set devised by Baddeley et al. (1975) . (We refer to these items henceforth as the Cowan word set.) Cowan et al. (1992) reported that when long words were output first, recall was worse than when short words were output first. However, the duration of the words output in the second half of recall did not affect performance. Cowan et al. (1992) studied both forward and backward recall and argued that the results could not be explained by rehearsal processes because the same results occurred when the direction of recall was unpredictable. Moreover, they found a roughly linear relationship when accuracy of recall was plotted against an indirect estimate of output time at each serial position, which was computed from the average time taken to read or repeat the items in each word group. In related studies, and Cowan et al. (1997) manipulated syllabic word length in the first and second half of each list and, using backward recall, again showed that the type of words that were recalled first (mono-or polysyllabic) affected the overall accuracy of recall.
Cowan and his colleagues (Cowan, 1992; Cowan, Keller et al., 1994 ) considered a number of temporal measures as predictors of serial recall. They argued that speech time, the summed spoken duration of all prior words recalled, was the best predictor of subsequent recall. Their studies showed that as word duration increased in a serial recall task, speech time increased, but interword pauses tended to decrease. These results were explained in terms of a fast rehearsal or scanning process operating in the interword pauses. Speaking a word during recall precluded rehearsal, and hence they proposed that decay in the loop took place only during overt recall and consequently was a function of speech time.
In two recent studies, Cowan and his colleagues (Cowan, Nugent, Elliott, & Geer, 2000; Cowan, Wood, Nugent, & Treisman, 1997) have attempted to manipulate word duration experimentally. To do this, they trained participants to pronounce words quickly or slowly, both at input and during recall. Pronunciation duration was indicated by a visual cue presented before each list item or output position, and hence the overall rate of presentation and recall was rather slow. Both experiments reported a small advantage for rapidly spoken items when entire lists were recalled quickly or slowly. In itself this is an interesting finding, and advances the claim of a word duration effect (but see Service, 2000 , for a critical discussion). However, with experimentally controlled pronunciation rate, there was no effect of the spoken duration of the words recalled first on the recall of later words. Generally, performance on mixed lists was poor, possibly due to an additional cost of changing pronunciation rate halfway through the list.
A contrasting view of decay during output has recently been advanced by Dosher and Ma (1998) . They tested memory span for small sets of different materials (e.g., digits, letters, and words) using spoken and keypress recall. Recall accuracy and output time (the time taken to output an entire list) were measured as type of material and list length were varied. They found that output time predicted serial recall better than alternative measures such as speech rate and concluded that memory span was limited by the decay that occurred throughout the recall period. In Dosher and Ma's study, measures of output time were obtained from correct and incorrect trials. Their measure of output time therefore reflects not just speech rate parameters such as pronunciation time and interword pauses, but major disturbances of recall such as recovery from errors. Dosher and Ma's studies have revealed a striking correlation between output time and recall accuracy. Their results are interesting, and we discuss them in relation to our own results below. However, our studies were specifically designed to address issues arising from Cowan et al.'s (1992 Cowan et al.'s ( , 1994 mixedlist paradigm and the speech time hypothesis. Cowan et al.'s (1992) mixed-list paradigm provides the most compelling evidence to date that the duration of spoken items determines subsequent recall. However, we have two major concerns with the implementation of this paradigm. First, the disyllabic stimuli used by Cowan et al. (1992) were drawn from the pool of words originally chosen by Baddeley et al. (1975, Experiment 3) . The difference in memory span obtained with these particular sets of long and short words appears to be robust and is not in question. However, several independent studies have failed to establish an effect of word duration using other sets of disyllabic words (e.g., Caplan, Rochon, & Waters, 1992; Caplan & Waters, 1994; Lovatt et al., 2000; Service, 1998; Zhang & Feng, 1990) . Hence the Cowan word set may be anomalous, and there is reason to doubt that the effect on memory of long and short words is really one of duration (for further discussion see Lovatt et al., 2000) .
Problems for the Speech Time Hypothesis
A second problem is that in the mixed-list paradigm, any effect of the duration of words in the first-half of the list may be confounded with the first-half error rate. For the Cowan word set it has been repeatedly shown that serial recall is worse for long than short words (e.g., Baddeley et al, 1975; Cowan et al., 1992; Lovatt et al., 2000) . Therefore, if long words are output first, recall of subsequent items will not only be delayed (relative to conditions in which short words are output first), but are more likely to be preceded by at least one error. If making an error at any output position increases the error rate at later positions, then increasing error rate in the first half of the list will impair recall at subsequent serial positions in a way that mimics the putative effect of output delay.
This article reexamines the mixed-list experimental paradigm used by Cowan et al. (1992) , using forward serial recall. Experiment 1 was an attempt to find evidence of output decay using new sets of short-and long-duration disyllabic words. These words were shown by Lovatt et al. (2000) to differ reliably in spoken duration, although they did not differ in recall accuracy. Experiment 2 used the same procedure as Experiment 1, but using the Cowan words. Experiment 3 used both sets of stimuli and also obtained direct measures of speech time during recall. Experiments 4a and 4b employed the same measures and techniques as Experiment 3, with two further word sets. Experiment 4a used the longand short-duration disyllabic words originally chosen by Caplan et al. (1992) ; Experiment 4b used a new set of long-and short-duration threesyllable words. If word duration determines immediate serial recall by constraining speech time, as Cowan and his colleagues suggest, then the effect of first-half duration on recall should be observed with all word sets and in all four experiments. In addition, speech time during recall should vary with word duration and should predict recall performance. Finally, under a strict speech time hypothesis, the effect of first half duration should remain when error rate in the first half of recall is controlled.
EXPERIMENT 1 Cowan et al. (1992) tested immediate serial recall using mixed lists of five disyllabic words and varying the position within the list of short and long items. The present study used a set of five short-duration words and a matched set of long-duration words, drawn from a larger pool of disyllabic words selected by Lovatt et al. (2000) . Following Cowan et al. (1992) items were presented visually, and recall was spoken.
Method

Participants
Sixteen participants (2 male and 14 female), from the University of Essex Psychology Department, were given course credits for their participation. Participants ranged in age from 18 to 46 years (mean ϭ 23.7 years). All of the participants in this and the subsequent experiments had English as their first and main language.
Materials
Ten words were selected from Lovatt et al. (2000, Experiment 2) . Five of the words had a short spoken duration and five had a long spoken duration. The short words were lemon, wizard, camel, tablet, and hammock. The long words were protein, brochure, cottage, gazelle, and cistern. These 10 words are henceforth referred to as the LAM word set.
To find the mean spoken duration of each word, 10 adults, for whom English was the first and main language, read each word aloud onto audiotape at a normal rate. The duration of each word was measured using the digital waveform analysis program SoundEdit. The mean duration of each word averaged across speakers was 487 ms (SD ϭ 50.9) for short words and 733 ms (SD ϭ 47.3) for long words, an increase of 50.5%. The same 10 adults also rated the words for familiarity using a 7-point rating scale. The mean familiarity of each word averaged across raters was 3.68 (SD ϭ .51) for the short words and 3.51 (SD ϭ 1.02) for the long words. The long-and short-word sets were matched for number of phonemes and for word frequency, using the Hofland and Johansson (1982) word frequency count. The words were also rated for phonological similarity on a 5-point rating scale. The mean phonological similarity rating across raters was 1.16 (SD ϭ .17) for pairs of short words and 1.05 (SD ϭ .07) for pairs of long words. There were no significant differences between the long and short words on any of these measures except for word duration, t(8) ϭ 8.9, p Ͻ .001. For a detailed description of these measurements, see Lovatt et al. (2000) .
Sixty lists of 5 words were generated by varying the length of the words in the first and second half of each list independently. There were five types of list: (1) lists that had short words in both the first half and second half of the list (SS lists), (2) lists that had short words in the first half of the list and long words in the second half of the list (SL lists), (3) lists that had long words in the first half of the list and short words in the second half of the list (LS lists), (4) lists that had long words in both the first half and second half of the list (LL lists), and (5) lists that contained two or three short words and two or three long words randomly arranged across serial positions (R lists). As lists were made up of five words it was impossible to have an equal number of words in either half of each list, therefore the lists were designed so that in the lists of mixed length half of the lists had a third word which was long and half of the lists had a third word that was short. There were therefore four types of mixed-list trials containing either two or three short "S" and long "L" words in the first and second halves 2S/3L, 3S/2L, 2L/3S, and 3L/2S. During the analysis of the results these four types of trials were grouped such that the 2S/3L and 3S/2L list types were considered as one group, referred to as SL, and the 2L/3S and 3L/2S list types were considered as one group, referred to as LS.
Procedure
There were three parts to the procedure involving measurement of (1) immediate spoken serial recall, (2) reading rate, and (3) speaking rate. The immediate serial recall task was always carried out first. The order of measurement of reading and speaking rates was alternated across participants.
Immediate serial recall. The procedure followed that of Cowan et al. (1992) . Participants were tested individually. Each participant received 60 trials presented in 5 blocks of 12 trials. Each block contained 2 SS trials, 2 LL trials, 1 trial of each type of the SL (2S/3L and 3S/2L) and LS (2L/3S and 3L/2S) trials and 4 R trials. The order of conditions was different for each of the 5 blocks. The order in which the blocks were presented was randomized for each participant.
Before each trial began a small "ϩ" appeared in the center of the computer screen as a fixation point. This was displayed for 500 ms and was followed by a blank screen for 500 ms before the words in each list were presented one at a time in the center of the screen. Each word was displayed for 1.5 s and was followed by a 500-ms interstimulus interval. After the last word in the list the screen was blank for 500 ms before four question marks "????" were displayed in the center of the screen. This was the participant's cue to recall the words aloud in the order in which they were presented. The participants were instructed to say "blank" if they were unable to recall an item in a particular serial position. Once participants had made five responses they initiated the next trial.
Reading rates. To measure reading rate, participants were presented with 8 50-word lists, 4 consisting of long duration words and 4 of short duration words. Each list contained 10 repetitions of the 5 items. The words in each list were printed in 18-pt. font, double spaced, in two columns on a single sheet of A4 paper. The participants were asked to familiarize themselves with the words in a list and were then asked to read the words in the list aloud as quickly and as clearly as they could. The participant's reading rate was measured using a stopwatch from the beginning of the first word to the end of the 50th word in each list. This was repeated for all 8 lists, which were given in a random order. Reading rate was estimated by the mean reading time for the four lists of each word type.
Speaking rates. To measure speaking rates participants were presented with four triplets of short words and four triplets of long words. The triplets were selected at random and without replacement from the long-and short-word sets. Presentation of long-word triplets and shortword triplets was randomized for each participant. Participants were asked to learn the words in each triplet and then to speak the triplet out loud as quickly and as clearly as they could until told to stop. The time taken to make 10 repetitions of each triplet was recorded using a stopwatch. Speaking rate was estimated by the mean of the four measures obtained with long-and short-duration triplets.
Results and Discussion
Reading Rates
The mean time taken to read the 50-item lists, averaged across participants, was 21.67 s (SD ϭ 2.68) for the short words and 23.06 s (SD ϭ 2.75) for the long words, an increase of 6.4%. A related t test showed reading times for the long and short lists to be significantly different, t(15) ϭ 4.4, p Ͻ .05.
Speaking Rates
The mean duration for ten repetitions of the short triplets, averaged across participants, was 10.04 s (SD ϭ 1.02) and for the long triplets was 11.34 s (SD ϭ 1.24), an increase of 12.9%. A related t test showed these durations to be significantly different, t(15) ϭ 6.88, p Ͻ .0001.
Thus, in addition to the duration differences found when measuring the words individually, the present study has confirmed that the long words are significantly longer than the short words using both reading rate and speaking rate measures. It is notable that the relative duration differences between sets of long and short words change as a function of measurement method. Multiple measures of duration were taken in the present study to confirm that our word sets differed in duration robustly and independently of measurement method. Our use of multiple measurement methods was also motivated by an exchange between Baddeley and Andrade (1994) and Caplan and Waters (1994) , where a dispute over the significance of duration differences in word sets reduced to a dispute over measurement method.
Immediate Serial Recall: Percentage Correct
The mean percentage correct recall, averaged across participants and all serial positions, was obtained for each list type. These recall scores are shown in Table 1 .
Contrary to the findings of Cowan et al. (1992) the duration of the words in the first half of the list did not affect the probability of recall. A 2 ϫ 2 analysis of variance (ANOVA) was run with first-half word duration (short vs long) and second-half word duration (short vs long), as the two factors. This showed no main effect of either first-half word duration F(1,15) ϭ 1.29, p Ͼ .05, or second-half word duration, F(1,15) Ͻ 1.0. The analysis also revealed a significant interaction between first-half word duration and second-half word duration, F(1,15) ϭ 6.791, p Ͻ .05. This interaction was not expected on the basis of output decay, but a similar trend was reported by Cowan et al. (1992, Experiment 2) . Simple main effects were used to analyze the interaction and revealed an effect of first-half word length for lists with long second halves (SL vs LL), F(1,15) ϭ 4.54, p Ͻ .05, but not for lists with short second halves (SS vs LS), F(1,15) Ͻ 1.0. Thus when long items make up the second half of the list, there appears to be an increased probability of recalling words from lists that start with short words. This apparent effect of output duration is difficult to interpret. If the effect arose because of differences in the duration of first half items per se then it is not clear why a similar effect was not obtained for lists ending in short-duration items.
The present findings do not support the claim that the duration of words in the first half of mixed lists directly determines recall. A cautious interpretation of our results is that the effects found by Cowan et al. may have arisen due to some characteristic of their disyllabic stimuli that affects recall and that covaries with spoken duration in those words. Similar conclusions were reached by Lovatt et al. (2000) on the basis of serial recall in homogeneous lists.
In addition to the word sets used, Cowan et al.'s (1992) Experiment 2 and the present study differed in terms of the instructions given to the participants. Cowan et al. instructed their participants to rehearse the items silently as they were being presented. In the present study no maintenance instructions were given in order to be consistent with our earlier study of serial recall using these words (Lovatt et al., 2000) . It is possible that rehearsal instructions influence the contribution of word duration in serial recall. For example, Baddeley et al. (1975) found that word duration effects increased when their participants were encouraged to rehearse.
The following experiment was an attempt to replicate the word duration effect in mixed lists using Cowan et al.'s (1992) original word sets. The effect of rehearsal was investigated by asking half the participants to rehearse the list items during presentation.
EXPERIMENT 2
Method
Participants. Thirty-two participants (18 female and 14 male) were recruited from the University of Essex Participant Panel and were paid for their participation. Participants ranged in age from 18 to 31 years (mean ϭ 22.9 years). Participants were randomly allocated to two groups, one of which received instructions to rehearse, the other received no such instruction. Materials. This experiment used the shortand long-duration disyllabic words originally chosen by Cowan et al. (1992) . The short words were decor, hackle, wiggle, pewter, and ember. The long words were zygote, voodoo, coerce, morphine, and humane. To find the mean spoken duration of each word, the same 10 participants who contributed duration measures in Experiment 1 were asked to read each word aloud onto audiotape at a normal rate. The duration of each word was measured as in Experiment 1. The mean duration of each word averaged across speakers was 546 ms (SD ϭ 30.6) for short words and 677 ms (SD ϭ 38.2) for long words, an increase of 24%. The difference in duration was significant by a t test across items, t(8) ϭ 5.9, p Ͻ .001. Sixty lists of five words were generated from the pools of long and short words. Word lists were composed in the same way as for Experiment 1.
Procedure. The procedure was the same as for Experiment 1, except that half of the participants were told to silently rehearse the list items while they were being presented. The other half was given no rehearsal instruction. Each participant received the immediate serial recall task first. The order of measurement of reading and speaking rates was alternated across participants.
Results and Discussion
Reading rates. The mean time taken to read the lists was 21.68 s (SD ϭ 2.3) for the short words and 23.57 s (SD ϭ 2.51) for the long words, an increase of 8.8%. These measures were significantly different, t(31) ϭ 8.79, p Ͻ .01.
Speaking rate. The mean duration required for 10 repetitions of the short triplets was 10.15 s (SD ϭ 1.1) and for the long triplets was 12.03 s (SD ϭ 1.4), an increase of 18%. Again there was a significant difference between short and long words, t(31) ϭ 11.11, p Ͻ .01.
Immediate serial recall: percentage correct. The mean percentage correct recall, averaged across participants and serial position, was obtained for each list type and rehearsal condition. The results are shown in Table 2 .
The data were analyzed using a mixed-design 2 ϫ 2 ϫ 2 ANOVA, with instruction as a between groups factor (rehearsal instruction vs no rehearsal instruction) and two within-participants factors: first-half duration and second-half duration. This analysis showed no main effect of rehearsal instruction, F(1,30) Ͻ 1.0, and no significant interaction involving rehearsal. It therefore seems unlikely that rehearsal strategy can account for the failure to obtain a word duration effect in Experiment 1.
In contrast to Experiment 1 there was a main effect of first-half word duration, F(1,30) ϭ 25.2, p Ͻ .001, but there was no effect of second half word duration, F(1,30) Ͻ 1.0. As in Experiment 1, there was a significant interaction between first-half and second-half word duration, F(1,30) ϭ 5.04, p Ͻ .05. Again, this interaction appears because the effect of first half list length is greater for lists with long second halves. However, this interaction is not predicted by the speech time hypothesis and is not of primary importance.
Experiments 1 and 2 have shown that word duration effects consistent with output decay were observed only with the Cowan word set. Two reasons for this are now considered. First, there may be differences in the duration profiles of the word sets used in each experiment, which might affect the sensitivity to the mixed list manipulation. Second, the pattern of results obtained in Experiment 2 may be due to a confound between the duration of items and the errors made in recalling those items. Relative duration analysis. A trivial explanation for the more marked effect of word duration in Experiment 2 might be that in the Cowan word set there is a greater difference between long-and short-duration words than in the LAM word set. However, the speaking and reading rates that we obtained on both word sets were very similar. The measures were compared using mixed design 2 ϫ 2 ANOVAs, with word set (Cowan vs LAM) as the between-participants factor and word duration (long vs short) as the within factor. The analyses showed a highly significant main effect of word duration for the reading rate measure, F(1,46) ϭ 89.6, p Ͻ .001, and for the speaking rate measure, F(1,46) ϭ 133.0, p Ͻ .001. The effect of word set and the interaction did not approach significance in either analysis. This analysis suggests that the mean durations of the Cowan and LAM word sets are equivalent. Hence the absence of first-half duration effects observed with the LAM set cannot be explained away by smaller duration differences between the long and short words.
Effect of duration or item difficulty? Several studies using the Cowan words and the original Baddeley et al. (1975) stimuli from which they were derived have shown that the long items are harder to recall than the short items (Baddeley et al., 1975; Cowan et al., 1992; Lovatt et al., 2000) . However, for the LAM word set, the long and short words showed approximately equal levels of recall (Lovatt et al., 2000) . Thus for the Cowan word set there is a potential confound between the duration of words presented early in the list and the probability of making an error in recalling the first part of the list.
In order to address this issue a post hoc analysis was carried out on the data from Experiment 2. This analysis examined the error rate in the second half of the list given that the first half was recalled correctly. To do this, all trials on which an error occurred in the first half of the list were discarded. In the case of the homogeneous (SS and LL) five-item lists, the problem of deciding the first and second halves was solved arbitrarily by defining the first half as the first two items for half the lists and as the first three items for the remainder of the lists.
The number of first-half lists that were correctly recalled was calculated for each list type. For some participants, a high proportion of trials in one or more of the conditions were discarded, making the assessment of second-half error rate unreliable. A criterion for exclusion of participants from the analysis was therefore adopted. According to this, participants who recalled fewer than 6 first-half trials correctly (of 10), in any of the four conditions, were excluded. This left 16 of the original 32 participants. The mean recall data of these 16 participants were reanalyzed to ensure that the word duration effects on recall were observable in this subsample. A 2 ϫ 2 ANOVA was used, with first-half word duration and second-half word duration as the factors. This showed a main effect of first-half word duration, F(1,15) ϭ 15.7, p Ͻ .01, and no effect of second-half word duration, F(1, 15) Ͻ 1.0. There was also a significant interaction between firsthalf word duration and second-half word duration, F(1,15) ϭ 7.42, p Ͻ .05. These results are strikingly similar to the immediate serial recall results obtained with the full sample.
The speech time hypothesis predicts that error rates will be higher for items occurring in the second half of lists when long duration words occur in the first half, even with first half error rate controlled, because recall of long words requires more speech time. For trials on which the first half of the list was recalled correctly, the mean probability of correctly recalling an item in the second half of the list was as follows: SS trials .72 (SD ϭ .15), SL trials .76 (SD .15), LS trials .72 (SD ϭ .2), and LL trials .73 (SD ϭ .16). These second-half accuracy measures were analyzed using a 2 ϫ 2 (firsthalf ϫ second-half duration) ANOVA. This showed no effect of first-half word duration, F(1, 15) Ͻ 1.0, and no effect of second-half word duration, F(1, 15) ϭ 1.3, p Ͼ .05. The interaction was not significant, F(1, 15) Ͻ 1.0. Thus when word duration is decoupled from the probability of making an error in the first half of the list, duration does not predict the probability of making an error in the second half of the list. This finding is clearly contrary to the prediction made by Cowan's hypothesis.
Although we have shown that results with the mixed list paradigm vary across word sets, casting doubt on the role of output decay, two problems remain to be addressed. First, we have not compared recall with the two sets of words directly in the same experiment, and second, we have not taken measures to confirm that speech time varies as a consequence of manipulating word duration. Both these problems are addressed in the following experiment. To avoid the arbitrariness of defining the first and second halves of a list of five homogeneous items, sixitem lists were used. This required extending the word sets used in Experiments 1 and 2 by the addition of extra long and short words, chosen from the original word pools.
EXPERIMENT 3
The aims of Experiment 3 were (1) to confirm the differences between word sets established in the previous experiments, (2) to establish that speech time varies with word duration, and (3) to investigate the effect of output time on second-half accuracy when first-half error rates are controlled.
We adopted two methods to examine the effect of first-half word duration independently of first-half error rates. The first method we adopted was to select trials in which the firsthalf of each list was recalled correctly and then measure speech time for these first-half lists. This provides a check that speech time varies in the absence of first-half errors. If recall varies inversely with speech time in the trials where the first half is correctly recalled, then we can attribute this effect to delay and not to the production of errors in the first half. This therefore provides a stronger test of the speech time hypothesis. The post hoc analysis following Experiment 2 suggested that when the first-half of each list was correctly recalled, word duration per se did not influence the probability of making an error in the second half of the list. Since speech time was not measured directly in Experiment 2, it is possible that when first-half recall was correct there was little or no variation in speech time as a function of word duration.
The second method we adopted was to examine the probability of making errors in the second half of lists while statistically controlling for the production of errors in the first-half of lists. This analysis allowed us to include data from all subjects on all trials. Again, the speech time hypothesis proposes that word duration in the first-half of the list should affect later recall even when first-half error rate is controlled.
Method
Participants. Thirty participants (13 male and 17 female) were recruited from the University of Essex Participant Panel and were paid for their participation. The participants ranged in age from 19 to 42 years (mean ϭ 27.7 years).
Materials. The disyllabic Cowan and LAM word sets were used, with the addition of one extra word from each duration category. The additional short and long words for the Cowan set (wicket and cyclone) were drawn from the words used by Baddeley et al. (1975, Experiment 3) . The additional items for the LAM set (coffin and mustang) were drawn from the words used by Lovatt et al. (2000, Experiment 2) .
One hundred six-word lists were generated containing short (S) and long (L) words: Fifty lists were made up exclusively from the LAM word set and 50 lists were made up exclusively from the Cowan set. From each set 10 lists of each of the 5 types, SS, SL, LS, LL, and R, were constructed. The first and second halves now consisted of 3 items and the R lists were made by combining 3 short and 3 long words in random order. Ten blocks of 10 trials were generated: five blocks of trials were generated for each word set. Each block contained 2 SS trials, 2 SL trials, 2 LS trials, 2 LL trials, and 2 R trials. The order of conditions within each block was predetermined; however, the order of conditions was different in each block. The order in which the blocks were presented was randomized for each participant.
Procedure. The procedure was identical to that used in Experiment 1, except that six-item lists were used. Participant's responses were recorded on audio tape.
Results
For clarity the results are presented in five parts. Part 1 reports the mean recall scores ob-tained for each word set by manipulating list type. Part 2 reports speech time for the first-half lists that were recalled without error. Parts 3 and 4 test the hypothesis that first-half word duration affects second half performance when the accuracy of first-half recall is controlled. Part 3 reports the mean probability of recalling words from the second half of each list given correct recall of the first half of each list. Part 4 reports (for the Cowan words only) the accuracy of recalling items from the second half of each list while controlling first-half recall statistically. Part 5 shows that for the LAM words, recall in the second half of a list is impaired if an error is made in recalling the first-half of the list.
Part 1: Mean recall. Table 3 shows percentage correct recall averaged across serial positions for each list type and each word set. This table shows that for the Cowan word set, more items were recalled from lists starting with short words than from lists starting with long words. For the LAM word set there was no effect of first-half word duration on recall. The data were analyzed using a 2 ϫ 2 ϫ 2 within-participants ANOVA with word set (Cowan vs LAM), first half word duration and second half word duration as the three factors. This showed a significant main effect of first-half word duration, F(1,29) ϭ 7.67, p Ͻ .01, and a significant interaction between word set and first-half word duration, F(1,29) ϭ 4.33, p Ͻ .05. No other effects or interactions approached significance. Simple main effects were used to analyze the interaction between word set and first-half word duration. This revealed a significant effect of firsthalf word duration for the Cowan words, F(1,29) ϭ 18.44, p Ͻ .001, but not for the LAM words, F(1,29) Ͻ 1.0. Thus, only for the Cowan words was there an effect of first-half word duration. This confirms the main findings of Experiments 1 and 2. In addition, it should be noted that the interaction between first-and second-half word duration observed in Experiments 1 and 2 was not found.
It is also of interest here to note the error rates in the first half of recall. For the LAM short words, the mean percentage correct was 78.3 (SD ϭ 15.3) and for long words the mean was ϭ 78.2 (SD ϭ 18.8). However, for the Cowan words there was a marked difference in first half recall. Mean percentage correct recall for short words was 80.5 (SD ϭ 16.4) and for long words the mean was 74.5 (SD ϭ 16.3). This difference in first-half recall was significant by a t test, t(29) ϭ 2.4, p Ͻ .05.
Part 2: Speech time for short and long words. Speech time was measured for items in the first half of the list, but only if these were correctly recalled. Some participants performed poorly at recalling the first three items in some conditions, which meant that only unreliable estimates could be obtained. Therefore a criterion was adopted, whereby participants had to correctly recall items 1-3 in at least 4 lists (of 10) in each condition. Seventeen participants met this criterion. The recall accuracy data of this reduced sample were analyzed again to confirm that the effects reported from the entire group were clearly present in the reduced sample. This analysis confirmed a significant interaction between word set and first-half word duration, F (1,16) For each first-half list that was correctly recalled the individual duration of each of the first-half words was measured and the total speech time for the string of three words was found. The speech time for the long words was longer than the speech time for the short words, for both the Cowan and LAM word sets. The mean speech time of the Cowan words was 1.36 s (SD ϭ .21) and 1.92 s (SD ϭ .25), for short and long words respectively. The corresponding values for the LAM words were 1.26 s (SD ϭ .17) and 1.86 s (SD ϭ .22). A 2 ϫ 2 within-participants ANOVA was used to analyze speech time. This showed a significant main effect of word set, F(1,16) ϭ 14.39, p Ͻ .01, and a significant main effect of word duration, F(1,16) ϭ 570, p Ͻ .001. The interaction was not significant, F(1,16) ϭ 1.3, p Ͼ .05. Thus, the speech time of the Cowan words was longer than the LAM words, by about 5%, but the difference between the short and long words was consistent across the two word groups.
Part 3: Analysis with first half errors excluded. The probability of recalling items from the second half of each list given that the first half was correctly recalled was found for each word set. The previous analysis has established that speech time was greater for the long-duration words of both word groups under these conditions. Hence an effect of first-half length on second-half list recall would be expected by the speech time hypothesis. For the Cowan words the probability of correctly recalling items from the second half of each list was .57 (SD ϭ .17) for lists starting with short-duration words and .56 (SD ϭ .19) for lists starting with long-duration words. For the LAM words the corresponding values were .56 (SD ϭ .15) for lists starting with short-duration words and .58 (SD ϭ .16) for lists starting with long-duration words. The data were analyzed using a 2 ϫ 2 repeatedmeasures ANOVA with word set (Cowan vs LAM) , and first-half word duration (short vs long) as the two factors. There was no significant main effect of word set, F(1,16) Ͻ 1.0, nor of first-half word duration, F(1,16) Ͻ 1.0. The interaction was not significant, F(1,16) Ͻ 1.0. From this analysis it is clear that when errors are controlled in the first half of each list there is no effect of first-half word duration on the probability of recalling items from the second half of the list. This finding raises further concerns about the confounding between word duration and error rate in first-half recall for the Cowan words.
Part 4: Controlling first-half errors statistically. Data obtained from the Cowan word set were subject to two further analyses. For each participant the mean percentage correct recall for the second half of each list was calculated for list type (SS, SL, LS, LL). These second-half scores were first analyzed using a 2 ϫ 2 withinparticipants ANOVA with first-half duration and second-half duration as the two factors. This analysis showed a significant effect of first-half duration, F(1,29) ϭ 4.987, p Ͻ .05 . There was no effect of second-half duration, F(1,29) Ͻ 1.0, and the interaction between first-and secondhalf duration was not significant F(1,29) ϭ 1.52, p Ͼ .05. This result is exactly what the output decay hypothesis would predict, but does not take into account the errors made in recalling the first half of the list.
The effect of first-half word length was further examined by combining the second-half recall scores for conditions where the first half of the list consisted of long or short words (i.e., SS ϩ SL combined and LS ϩ LL combined). Analysis of covariance (ANCOVA) was then used to examine the effect of first-half word duration when first-half recall scores were used as a covariate. When first-half recall was statistically controlled in this way, there was no effect of first-half word length on second-half recall, F(1,28) ϭ 1.95, p Ͼ .05. Thus a large part of the variance in second-half recall is accounted for by accuracy on the first half of the list. This strengthens the suspicion that the apparent effect of first-half word duration seen with the Cowan words may be associated with the errors made early in recall.
Part 5: Probability of second-half recall dependent on first-half errors. If it is generally true that errors made early in recall are associated with poor performance later in the list, then this relationship should be observed in lists where no word duration effect can be found. This hypothesis was tested using the LAM words as follows. For each participant, the probability of correct recall for the second half of the list was computed for those trials where the first half was recalled correctly and again for trials where first-half recall was incorrect. Again, these data could not be computed for all participants because of empty cells.
The results are given in Table 4 and show that for each condition, the probability of second-half recall was significantly higher if the first half of the list was recalled correctly.
Discussion
The results of Experiment 3 support and extend the findings of Experiments 1 and 2. For the Cowan word set, recall averaged across all list positions and recall in the second half of the list are both impaired when the first half of the list is made up of the long words. These effects were not found for the LAM word set, although the speech rates of list items were similar to those of the Cowan word group. When the first half of the list was recalled correctly, there were reliable differences in speech time between the short and long words for both word groups. Crucially, in cases where the first half was recalled correctly, there was no reliable effect of firsthalf word duration on recall in the second half of the list for either word group. For the Cowan word set, in which first-half recall was affected by word length, the effect of first-half word length on the probability of recalling later items was reduced and failed to reach significance, when first-half recall was used as a covariate. Finally, for the LAM words, although there was no effect of first-half word duration, performance in the second half of the list was impaired on trials in which an error was made in the first half of the list. The correlation between firsthalf and second-half error rates may be the effect that is typically observed in the case of the Cowan words, in which error rate is increased for long-duration words. It is this correlation between early and late recall errors, which is then interpreted as the effect of output decay.
Although these findings seriously challenge the evidence for the speech time hypothesis it is important to note that these conclusions are based on just two sets of words, only one of which shows an apparent effect of word duration. Our claim that this word set is atypical raises the issue of generality. Is an effect of the duration of early list items generally observed in immediate serial recall? As has been pointed out above, to our knowledge the disyllabic wordlength effect has only been reported using subsets of the disyllabic words originally selected by Baddeley et al. (1975) , whereas several studies have reported a failure to obtain disyllabic word-length effects using other sets of disyllabic words. With regard to the disyllabic wordlength effect it therefore appears that the Baddeley et al. (1975) words (or subsets of them) are atypical, and their properties do not extend to other sets of disyllabic words. With regard to the proposed effect of speech time in mixed-list studies, the issue is less clear. Apparent effects of output delay are obtained with one set of words (Cowan) but not with another set of words (LAM). It is therefore difficult to determine which set of words is idiosyncratic and which set of words is representative. Experiment 4 was designed to address this issue. Experiment 4 is a replication of Experiment 3 using two additional sets of words. Experiment 4a uses a subset of the long-and short-duration disyllabic words originally selected by Caplan et al. (1992) and Experiment 4b uses a new set of long-and short-duration three-syllable words that were selected by the present authors.
EXPERIMENT 4 Method
Participants
Twenty participants (8 male and 12 female) were recruited from the University of Cambridge Participant Panel and were paid for their participation. The participants ranged in age from 19 to 44 years (mean ϭ 27.7 years). 
Materials
Two new sets of words were selected. One set consisted of long-and short-duration disyllabic words from Caplan et al. (1992) , the other set consisted of long-and short-duration three-syllable words. Both sets are described as follows.
Caplan words. Twelve disyllabic words were selected from Caplan et al. (1992) . Six of the words had a short spoken duration and six had a long spoken duration. The short words were bullet, cabin, carrot, devil, ladder, and ticket. The long words were baby, orange, sirloin, spider, tower, and vacuum.
To find the mean spoken duration of each word, five adults, who spoke English as their first and main language, read each word aloud onto audiotape at a normal rate. The duration of each word was measured as in previous experiments. The mean duration of each word averaged across speakers was 444 ms (SD ϭ 96.1) for short words and 571 ms (SD ϭ 97.4) for long words, an increase of 28.6%. Word frequency and ratings of familiarity, concreteness, and imageability were obtained for each word from Quinlan (1992) . The mean frequency averaged across items was 18.6 (SD ϭ 9.64) for short words and 20.0 (SD ϭ 22.5) for long words. The mean familiarity rating averaged across items was 524 (SD ϭ 37.16) for short words and 440 (SD ϭ 221.1) for long words. The mean concreteness rating averaged across items was 446 (SD ϭ 254) for short words and 461 (SD ϭ 240) for long words. The mean imageability rating averaged across items was 481 (SD ϭ 236) for short words and 484 (SD ϭ 242) for long words. There were no significant differences between any of these measures except for word duration, t(10) ϭ 2.66. p Ͻ .05.
Three syllable words. Twelve three-syllable words were selected so that six of the words had a short spoken duration and six had a long spoken duration. The short words were botany, bulletin, celery, gorilla, umbrella, and violin. The long words were leprosy, cigarette, artichoke, volcano, acrobat, and envelope. The same methods were used to find the mean spoken duration of each word as for the Caplan words. The mean duration of each word averaged across speakers was 544 ms (SD ϭ 46.9) for short words and 704 ms (SD ϭ 33.4) for long words, an increase of 29.4%. Word frequency and ratings of familiarity, concreteness, and imageability were obtained as above. The mean frequency averaged across items was 7.33 (SD ϭ 6.5) for short words and 8.16 (SD ϭ 11.5) for long words. The mean familiarity rating averaged across items was 332 (SD ϭ 259) for short words and 334 (SD ϭ 264) for long words. The mean concreteness rating averaged across items was 382 (SD ϭ 303) for short words and 390 (SD ϭ 302) for long words. The mean imageability rating averaged across items was 374 (SD ϭ 299) for short words and 401 (SD ϭ 312) for long words. There were no significant differences between any of these measures except for word duration, t(10) ϭ 6.79. p Ͻ .001.
One hundred six-word lists were generated containing short (S) and long (L) words: 50 lists were made up exclusively from the Caplan word set and 50 lists were made up exclusively from the three-syllable word set. In all other respects the composition of the word lists was the same as for Experiment 3.
Procedure
The procedure was identical to that used in Experiment 3.
Results
For clarity the results for each word set are reported separately, and for each word set the results are presented in three parts. Part 1 reports the mean recall scores for each list type. Part 2 reports speech time for the first half lists that were recalled without error. Part 3 reports the probability of recalling words from the second half of lists given that the first half is correctly recalled.
Caplan Words
Part 1: Mean recall. Table 5 shows percentage correct recall for each of the four list types. These data were analyzed using a 2 ϫ 2 (first-half duration ϫ second-half duration) within-participants ANOVA. This showed no significant main effect of first-half word duration, F(1,19) Ͻ 1.0. There was, however, a significant main effect of secondhalf word duration, F(1,19) ϭ 21.04, p Ͻ .001, such that lists with long words in the second half were better recalled than lists with short words in the second-half. There was a significant interaction between first-half length and second-half length, F(1,19) ϭ 5.87, p Ͻ .05. Analysis using simple main effects showed that lists with long second halves were better recalled than lists with short second halves, but only when the first half of the list was short, F(1,19) ϭ 27.11, p Ͻ .001. No other simple main effects were significant.
Thus, for the Caplan words there was no effect of first-half word duration. Although there was an effect of second-half word duration, performance was superior for long-duration words. Previous findings and the present data suggest that for this word set, recall of the long items is generally superior. We might therefore anticipate an effect of first-half duration, with fewer errors made in first-half recall with long-duration words. However, analysis of the first half error rates showed that these did not vary with word duration. Mean percentage recall for short words in the first half of the list was 81.6 (SD ϭ 15.6) and for long words the corresponding mean value was 82.1 (SD ϭ 13.9).
Part 2: Speech time for short and long words. For each participant the speech time was measured for the first three items of all lists in which the first half was correctly recalled. As in previous analyses, some participants failed to correctly recall the first three list items in any of the trials of certain conditions. These participants were mandatorily excluded from the analysis. As in Experiment 3 a performance criterion was adopted, whereby participants had to correctly recall the first three items in at least 4 lists (of 10) in each condition to be included in the analysis. Sixteen (of 20) participants met this criterion.
For the Caplan word set, speech time for the long words was longer than speech time for the short words. The mean speech time was 1.03 s (SD ϭ .18) for short words and 1.3 s (SD ϭ .24) for long words. These measures were significantly different, t(15) ϭ 10.59, p Ͻ .001. Thus, for correctly recalled first-half lists, there is a reliable difference in speech time between long or short words in the Caplan word set.
Part 3: Recall of second-half lists. The probability of recalling items from the second half of each list given that the first half was correctly recalled was found for the same trials used to obtain the speech rate measures. For the Caplan words the probability of correctly recalling items from the second half of each list was .66 (SD ϭ .23) for lists starting with short-duration words and .69 (SD ϭ .21) for lists starting with long-duration words. These recall measures were not significantly different, t(15) ϭ 1.09, p Ͼ .05, and are in the opposite direction to that predicted by the speech time hypothesis. Thus, given the correct recall of the first half of the list, there was no effect of first-half word duration on second-half recall, even though speech time varied significantly.
Three-Syllable Words
Part 1: Mean recall. Table 5 shows percentage correct recall measured for each list type using three-syllable words. Analysis using a 2 ϫ 2 ANOVA showed a marginally significant effect of first-half word duration, F(1,19) ϭ 3.38, p ϭ .081, with superior recall for short-duration words. There was no effect of second-half word duration, F(1,19) ϭ 1.95, p Ͼ .05. There was also a marginally significant interaction between first-half and second-half word duration, F(1,19) ϭ 4.03, p ϭ .059. Thus for these items, the results, although marginal, lie in the direction predicted by the speech time hypothesis. However, inspection of the data showed that first-half error rates covaried with first-half duration. For the first half of each list, mean percentage recall was 73.5, (SD ϭ 19.2), for short words and 69.5 (SD ϭ 20.6) for long words. These error rates were significantly different by a one-tailed t test, t(19) ϭ 1.73, p ϭ .05. Part 3: Recall of second-half lists. The probability of recalling items from the second half of each list given that the first half was correctly recalled was found. For the three-syllable words the probability of correctly recalling items from the second half of each list was .49 (SD ϭ .18) for lists starting with short-duration words and .45 (SD ϭ .22) for lists starting with long-duration words. These measures were not significantly different, t(15) ϭ 1.32, p Ͼ .05. Thus, there was no effect of first-half duration on second-half recall given that the first half of the list was recalled without error, even though there was a significant difference in the first-half speech times of long and short words.
Discussion
The results of Experiment 4 support and extend the findings of Experiments 1-3. Two further sets of words were examined. With the Caplan word set, the duration of the words recalled first did not affect the probability of recall. For the three-syllable words, recall was lower when the first half consisted of long-duration words, although this just failed to reach significance. However, in both cases, when first-half errors were eliminated, there was no detectable effect of first-half duration on second-half recall. Moreover, for both word sets, the speech time during output of correctly recalled first half lists differed in the predicted direction. These results are broadly consistent with those of Experiments 1-3. In general, it does not seem to be the case that the spoken duration of words output first in a list determines the level of later recall. Rather, performance in mixed lists appears to be better predicted by the difficulty of recalling the initial list items.
GENERAL DISCUSSION
The results of these experiments pose problems for the speech time hypothesis. First, the findings of Cowan et al. (1992) , which showed effects of word duration in the mixed-list paradigm, were not obtained with two different sets of short-and long-duration disyllables. The conclusion of Cowan and his colleagues, regarding the presumed word duration effects observed in mixed lists, critically rests on the assumption that the long and short words vary only in duration. Using the Cowan word sets we also found better recall when lists began with short words than when they began with long words. However, when we used new sets of words that also varied in duration, the effect on recall accuracy of word duration in the early part of the list disappeared. We conclude that the first half duration effect reported by Cowan et al. (1992) , appears to be a parochial phenomenon resulting from the particular items used in that study.
Second, in both word sets showing an effect of first-half word duration on mean recall averaged across serial positions (the Cowan words and the three-syllable words), we found that the first-half error rate also varied. For the other word sets examined (the LAM words and the Caplan words) there was no effect of first-half word duration on mean recall. Here, examination of first-half recall showed no difference between short and long words. One interpretation of these results is that an effect of first-half word duration appears only if long words at the beginning of the list increase the first-half error rate. To validate the speech time hypothesis, this confound between word duration effects and errors made early in recall must be eliminated.
Third, when first-half error rate was controlled (either statistically by ANCOVA or by eliminating trials with errors in the first half of the list), the apparent effect of word duration seen with the Cowan words and in our three-syllable words was removed. This was the case even though we established that speech time was greater for lists beginning with long words than for lists beginning with short words. According to Cowan's hypothesis, the longer speech times should provide more opportunity for output decay to occur.
Finally, for the LAM word set, in which there was no overall effect of word duration on recall accuracy, we were able to show that if an error was made early in the list, performance was reli-ably lower in the second half of the list. If this correlation between performance on early and late items is a general property of serial recall, then this could readily explain why the placing the relatively difficult long items of the Cowan words early in the list could impair later recall. In itself, this is a rather insubstantial account because there is no independent explanation for the difficulty of the items or of the correlation between first-half and second-half performance.
In terms of item difficulty, informal feedback provided by participants at the end of their testing session suggested that the Cowan words were unfamiliar compared to the LAM words. However, we do not have data on the familiarity of the short as opposed to the long words in the Cowan group. An account of the word-length effect based on the relative difficulty of words was rejected by Cowan et al. (1992) on two grounds. First, they argued that a difficulty-based account was unable to provide an explanation for the finding that with visual presentation articulatory suppression eliminated the word-length effect (Baddeley et al., 1975) . However, if difficulty depends on generating, maintaining, and retrieving phonological codes for the to-be-remembered items then eliminating such codes will remove differences in difficulty. Cowan et al.'s second objection was that they thought it unlikely that the probability of recalling a word would be more influenced by another word's difficulty in the list than by its own difficulty. But in a serial recall task any order error will necessarily have consequences for the recall of items in later serial positions. Hence if difficulty is manipulated by increasing phonological similarity, which increases order errors, then effects of early errors on later list positions are inevitable. However, the interdependence of errors across serial positions is not restricted to phonological confusions and is commonly observed in serial recall. Recall following an error may be disrupted by competition from the item for which recall failed, because more response alternatives are available, or because the error terminates recall (see Henson, Norris, Page, & Baddeley, 1996) . To explain the results of the mixed-list paradigm in this way will require a more extensive analysis of errors in these tasks.
As noted above, an alternative account of output decay has recently been proposed by Dosher and Ma (1998) . Their evidence showed that total output time predicted serial recall performance better than speech rate measures. In their analyses, output time was measured on all trials, including those on which errors were made. One interpretation of this correlation between output time and accuracy measures is that recall errors may delay the recall of subsequent items, thus increasing output time. According to this explanation, the effect of early errors on recall of later items is mediated through output decay. However, the relevant time span of decay is not now the duration of a word, or speech time, but the time costs incurred by making, and recovering from, an error. If output delays caused by errors are much greater than those attributed to the speech time of items, this could explain why the apparent word duration effects found here (Experiments 2, 3, and 4b) disappeared when the first half of a list was reported correctly. This view of output decay also means that the traditional measure of decay time (speech rate multiplied by span length) is inappropriate and indeed Dosher and Ma's estimates of the temporal capacity of memory span were much greater than traditional estimates of decay based on speech rate data.
In conclusion, the experiments of Cowan et al. (1992) at first sight appear to provide strong evidence that output time critically determines immediate serial recall. However, Cowan et al.'s conclusions were drawn from experiments using one set of disyllabic stimuli. The present series of experiments show that apparent effects of output time reported by Cowan et al. are not readily found with other disyllabic word sets with similar variation in word duration. In addition, the present article shows that the apparent effects of word duration, when obtained, disappear when errors in the first half of the list are eliminated or partialed out. These experiments seriously question the extent to which immediate serial recall is limited by trace decay during output.
